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Prevalence of the Metabolic Syndrome
nd its Relation to Cardiovascular
isease in an Elderly Chinese Population
ao He, MD, PHD,*† Bin Jiang, MD, PHD,‡ Jie Wang, MD, PHD,§ Kang Feng, MD,*
ing Chang, MD,* Li Fan, MD,¶ Xiaoying Li, MD,¶ Frank B. Hu, MD, PHD†
eijing, China; and Boston, Massachusetts
OBJECTIVES This study sought to assess the prevalence of the metabolic syndrome (MetS) and its
association with cardiovascular disease (CVD) in elderly Chinese people.
BACKGROUND The information available about the prevalence of MetS based on the National Cholesterol
Education Program (NCEP) and the International Diabetes Federation (IDF) in China is
limited.
METHODS We conducted a population-based cross-sectional study in an urban Beijing sample of 2,334
participants age 60 to 95 years (943 men, 1,391 women). The CVD included diagnosed
coronary heart disease (CHD), stroke, and peripheral arterial disease (PAD).
RESULTS The prevalence of MetS by the NCEP criteria was 30.5% (17.6% in men, 39.2% in women).
Use of the new IDF definition significantly increased the prevalence to 46.3% (34.8% in men,
54.1% in women). Odds ratios (OR) for CHD, stroke, PAD, and CVD in those with MetS
using the NCEP criteria were 1.43 (95% confidence interval [CI] 1.18 to 1.74), 1.45 (95% CI
1.14 to 1.85), 1.47 (95% CI 1.18 to 1.84), and 1.50 (95% CI 1.25 to 1.81), respectively.
Corresponding ORs using new IDF criteria were 1.69 (95% CI 1.40 to 2.02), 1.58 (95% CI
1.26 to 2.00), 1.42 (95% CI 1.14 to 1.76), and 1.73 (95% CI 1.46 to 2.07), respectively. Those
who met the IDF but not the NCEP criteria (n 436, 18.7%) had significantly elevated ORs
for CHD (1.66, 95% CI 1.31 to 2.10) and stroke (1.53, 95% CI 1.13 to 2.06).
CONCLUSIONS The MetS is highly prevalent in elderly people in Beijing, particularly among women.
Individuals with MetS defined by either criteria are at significantly elevated ORs for CHD,
stroke, and PAD. The IDF criteria seem to be better suited than the NCEP criteria for
screening and estimating risk of MetS in Chinese people. (J Am Coll Cardiol 2006;47:
ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.11.0741588–94) © 2006 by the American College of Cardiology Foundation
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ruring the past two decades, China has experienced rapid
conomic growth and the ageing of its population. Result-
ng changes in lifestyle and longer life expectancy have led to
n increased burden of cardiovascular and other chronic
iseases (1,2). The metabolic syndrome (MetS) is charac-
erized by a clustering of cardiovascular risk factors, includ-
ng abdominal obesity, high blood pressure, increased glu-
ose concentration, and dyslipidemia. The syndrome is
ssociated with the development of diabetes and cardiovas-
ular disease (CVD) (3,4) and increased risk of mortality
rom CVD and all causes (5,6). Two recent definitions of
etS have been proposed by the U.S. National Cholesterol
ducation Program Adult Treatment Panel III (NCEP
TP III) and the World Health Organization (WHO)
7,8). In April 2005, the International Diabetes Federation
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assachusetts. This study was supported by research grants from the Main State
asic Research Development Program of China (G2000057006) and the Health
ervice in the Health Ministry of China (2001-5-006). Dr. Hu is partly supported by
he American Heart Association Established Investigator Award.a
Manuscript received September 27, 2005; revised manuscript received November
3, 2005, accepted November 28, 2005.IDF) proposed a new definition of MetS that includes
entral obesity as a prerequisite and gender- and ethnicity-
pecific cutoff points for central obesity as measured by waist
ircumference (9).
Few studies have published information on the preva-
ence of the MetS in Chinese populations (10–14). Most
ublished studies used NCEP ATP III and WHO-
odified Asian criteria to define MetS. Thus far, no study
as compared the prevalence defined by NCEP ATP III
riteria with that defined by the new IDF criteria. Also, data
n the relationship between the MetS and CVD in devel-
ping countries are limited. This study intended to deter-
ine the prevalence of MetS as defined by NCEP ATP III
nd IDF criteria and to examine the relation between MetS
nd CVD in a population-based survey of elderly Chinese
eople in Beijing, China.
ETHODS
ubjects and study design. This study was a population-
ased cross-sectional survey of elderly people living in the
anshoulu Community of Haidian District in Beijing,
hina. A two-stage stratified sampling method was used.
irst, 9 residential communities or streets (about 300 to 600
ouseholds) were randomly selected from a total of 94
esidential communities in the Wanshoulu area. Secondly,
ll individuals were chosen from the selected streets, but
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April 18, 2006:1588–94 Metabolic Syndrome and CVD in Chinesenly one participant was randomly selected from each
ousehold. Between April 2001 and March 2002, 2,680
eople age 60 years or older were selected and invited for
creening. A total of 2,334 subjects (943 men, 1,391
omen) completed the survey, yielding a response rate of
7.1% (83.5% in men, 89.7% in women), and they ac-
ounted for 11.4% of elderly residents in the Wanshoulu
rea.
ollection of data. We identified eligible people by their
ge and documents of residence and invited them to a
ommunity clinic by letter or telephone. Each participant
as interviewed and completed a standardized question-
aire that included a range of demographic factors, aspects
f medical history, family history of CVD, and lifestyle. The
hysical examinations and interview were carried out by
rained nurses and physicians. The participants’ ages ranged
rom 60 to 95 years, with a mean of 68.5  5.4 years.
ategories of educational attainment included 0 years, never
ttended primary school; 6 years, attended only primary
chool; 9 years, completed middle school; 12 years,
ompleted high school or the equivalent; and 13 years,
ompleted a university or other tertiary degree. Marital
tatus was classified into four categories: single, married,
ivorced, or widowed. The categories of smoking were
ever smoking, former smoking, and current smoking.
urrent drinking was defined as average alcohol consump-
ion of more than 10 g of absolute alcohol per day for more
han 1 year in the past 5 years. According to the average
ours per day, physical exercise was divided into three levels:
1 h, 1 to 3 h, or 4 h.
hysical examinations. Height was measured in meters
without shoes), and weight in kilograms (with heavy
lothing removed and 1 kg deducted for remaining gar-
ents). Body mass index was calculated as weight in
ilograms divided by the square of height in meters. We
easured waist circumference on standing subjects with a
oft tape midway between the lowest rib and the iliac crest.
ip circumference was measured over the widest part of the
luteal region, and the waist-to-hip ratio was calculated as a
easure of central obesity. Two blood pressure recordings
ere obtained from the right arm of patients in a sitting
Abbreviations and Acronyms
CHD  coronary heart disease
CI  confidence interval
CVD  cardiovascular disease
HDL  high-density lipoprotein
IDF  International Diabetes Federation
LDL  low-density lipoprotein
MetS  metabolic syndrome
NCEP ATP III  National Cholesterol Education
Program Adult Treatment Panel III
OR  odds ratio
PAD  peripheral arterial disease
WHO  World Health Organizationosition after 30 min of rest; measurements were taken in r-min intervals, and mean values were calculated. Overnight
asting blood specimens were obtained for measurement of
erum lipids and glucose. Plasma glucose was measured
sing a modified hexokinase enzymatic method. Concen-
rations of total cholesterol, high-density lipoprotein
HDL) cholesterol, low-density lipoprotein (LDL) choles-
erol, and triglycerides were assessed enzymatically with
ommercially available reagents.
efinition of MetS. The first definition of MetS was that
f the NCEP, and a participant was deemed to have MetS
hen three or more of the following criteria were satisfied:
) high blood pressure: blood pressure 130/85 mm Hg or
nown treatment for hypertension; 2) hypertriglyceridemia:
asting plasma triglycerides 1.7 mmol/l; 3) low HDL:
asting HDL cholesterol 1.0 mmol/l in men, 1.3
mol/l in women; 4) hyperglycemia: fasting glucose level of
6.1 mmol/l or known treatment for diabetes; 5) central
besity: waist circumference 88 or 102 cm in women
nd men, respectively. A modified NCEP definition using a
ower cutoff point of fasting glucose (5.6 mmol/l) was also
sed in the present study (15).
The second definition of MetS was the new IDF defini-
ion, and a person was considered to have MetS if they had
entral obesity (waist circumference 90 cm in men, 80
m in women for Chinese people) plus any two of the
ollowing four factors: the criteria for high blood pressure,
ypertriglyceridemia, and reduced HDL cholesterol were
he same as those of the NCEP, but the criterion for raised
asting plasma glucose was a level 5.6 mmol/l.
iagnosis of CVD. Hypertension was defined as diastolic
lood pressure of 90 mm Hg, systolic blood pressure of
140 mm Hg, or current medication for hypertension (as
efined by WHO 1999). Coronary heart disease (CHD)
nd stroke were defined using the WHO MONICA criteria
16). There were 784 CHD patients (68 myocardial infarc-
ion, 716 stable angina). Myocardial infarction was diag-
osed by a representative set of electrocardiogram, cardiac
nzyme values, and typical symptoms. Angina was defined
s use of nitroglycerine, experience of typical chest pain, and
lectrocardiogram changes compatible with ischemic heart
isease (58% of the cases were validated against by exercise
est or B-mode ultrasonography). There were 378 cases of
troke (248 ischemic, 70 hemorrhagic, 60 other types).
trokes were defined as events requiring hospitalization; this
nformation was verified from local hospital records, and
3% of the cases were confirmed using computed tomogra-
hy and magnetic resonance imaging. Peripheral arterial
isease (PAD) was assessed as positive intermittent claudi-
ation by the WHO/Rose questionnaire or an ankle-arm
ystolic blood pressure index 0.9 (17). Cardiovascular
isease in the present study was defined by the presence of
ne or more of these three outcomes: CHD, stroke, and
AD. Subjects with a fasting plasma glucose level of 7.0
mol/l and/or a 2-h plasma glucose level of 11.1 mmol/l
uring an oral glucose tolerance test and/or who were
eceiving antidiabetic medications were diagnosed with
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Metabolic Syndrome and CVD in Chinese April 18, 2006:1588–94iabetes mellitus. The diagnosis of cardiovascular events was
ased on self-reports, confirmed by hospital medical records
nd further clinical examinations carried out at the time of
he survey (including electrocardiogram and ankle-arm sys-
olic blood pressure index).
tatistical analysis. Data were entered (double entry) and
anaged using Microsoft Access (Microsoft Corp., Red-
ond, Washington). Age- and gender-specific prevalence
f MetS were calculated using NCEP and IDF criteria. The
test and Chi-square test were used to examine differences
n continuous and categorical variables, respectively, be-
ween men and women. Logistic regression was used to
alculate odds ratios (ORs) and their 95% confidence
ntervals (CIs). Potential confounders (age, gender, marital
tatus, years of education, smoking, alcohol consumption,
ours per day of physical exercise, and family histories of
HD or stroke) were adjusted. All analyses were conducted
sing SPSS (version 11, SPSS Inc., Chicago, Illinois).
Table 1. Demographic, Anthropometric, and P
Characteristic
Mean age (SD)
Age-adjusted mean (SD)
Body mass index
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Total cholesterol (mmol/l)
Triglycerides (mmol/l)
HDL cholesterol (mmol/l)
LDL cholesterol (mmol/l)
Fasting glucose (mmol/l)
Waist circumference (cm)
Education (yrs)
0–6
7–12
13
Marital status
Married
Single or divorced
Widowed
Physical exercise (h/day)
1
1–3
4
Smoking status
Never
Former
Current
Current alcohol drinking
Hypertension
Diabetes mellitus
Coronary heart disease
Stroke
Peripheral arterial disease
Anti-hypertension medications
Lipid-lowering medications
Anti-diabetic medications
Family histories of coronary heart disease or strokeValues are n (%) unless indicated otherwise.
HDL  high-density lipoprotein; LDL  low-density lipoprothical considerations. The committee for medical ethics
f the Chinese PLA General Hospital approved the study.
ach participant signed an informed consent form before
ompleting the questionnaire.
ESULTS
aseline characteristics. General characteristics of the
,334 subjects (943 men, 1,391 women) are given in Table
. There were significant differences between men and
omen in most of the covariates.
revalence of MetS. Table 2 shows that the proportion of
he 2,334 Chinese elderly people with individual compo-
ents of MetS (i.e., hyperglycemia, high blood pressure,
ypertriglyceridemia, low HDL cholesterol, central obe-
ity), and the number of components. There was no clear
ge-related increase in the prevalence of individual compo-
ents of MetS or of MetS in this population. However, we
ound a higher prevalence of MetS components in women
a Biochemical Characteristics of the Subjects
en (n  943) Women (n  1,391) p Value
69.0 (5.6) 66.7 (6.8) 0.001
25.4 (3.2) 25.7 (3.7) 0.010
136.0 (20.0) 138.2 (21.9) 0.001
77.9 (10.2) 76.6 (10.5) 0.022
5.1 (2.3) 5.5 (1.0) 0.001
1.4 (0.8) 1.7 (1.1) 0.001
1.3 (0.3) 1.4 (0.5) 0.001
3.2 (0.8) 3.4 (1.1) 0.001
6.1 (1.7) 6.2 (2.0) 0.114
89.7 (9.2) 86.1 (9.2) 0.001
258 (27.4) 708 (50.9) 0.001
349 (37.0) 483 (34.7)
336 (35.6) 200 (14.4)
873 (92.6) 1,094 (78.8) 0.001
4 (0.4) 7 (0.5)
66 (7.0) 290 (20.9)
226 (24.0) 389 (28.0) 0.042
389 (41.3) 511 (36.7)
328 (34.8) 491 (35.3)
397 (42.1) 1,209 (86.9) 0.001
313 (33.2) 62 (4.5)
233 (24.7) 120 (8.6)
283 (30.0) 71 (5.1) 0.001
444 (47.1) 700 (50.3) 0.129
148 (15.7) 214 (15.4) 0.861
292 (31.0) 492 (35.4) 0.029
170 (18.0) 208 (15.0) 0.052
139 (14.7) 322 (23.2) 0.001
337 (35.7) 523 (37.6) 0.890
84 (8.9) 170 (12.2) 0.032
97 (10.3) 150 (10.8) 0.334
439 (46.6) 741 (53.3) 0.001lasm
Mtein; SD  standard deviation.
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April 18, 2006:1588–94 Metabolic Syndrome and CVD in Chinesehan in men based on NCEP or IDF criteria. Prevalence of
entral obesity was considerably higher (67.3% vs. 29.6%)
ith the IDF criteria than with the NCEP criteria; the
roportion of MetS components in men and women also
iffered, with a prevalence of MetS of 34.8% versus 17.6%
n men and 54.1% versus 39.2% in women, respectively.
hen the modified NCEP definition with a lower cutoff
oint of fasting glucose (5.6 mmol/l) was used, the MetS
revalence was 23.2% for men, 46.1% for women, and
6.8% for all participants.
Figure 1 describes the prevalence of CHD, stroke, PAD,
nd CVD in the different groups of MetS components
ased on the NCEP and IDF criteria. We found a signif-
cantly higher prevalence of CHD, stroke, PAD, and CVD
ith an increasing number of MetS components.
dds of CVD and MetS. Table 3 shows the ORs for
etS by NCEP and IDF criteria, and their individual
omponents associated with CHD, stroke, PAD, and
VD. Of the five MetS components, the ORs of hyper-
ension and central obesity (particularly as defined by the
DF Chinese waist circumference criteria) were higher than
hose of the other three clinical outcomes. Individuals with
etS defined by either criteria were at significantly elevated
Rs for CHD, stroke, and PAD. However, the ORs of
VD associated with MetS defined by IDF seemed to be
tronger than those associated with MetS defined by NCEP
riteria. We conducted separate analyses for men and
omen. The ORs of CVD according to MetS defined by
able 2. Age- and Gender-Specific Prevalence of Individual Com
riteria of NCEP and IDF in Chinese Elderly People
Men (
60–69 yrs
(n  596)
>70 y
(n  3
etS components
High blood pressure 70.0 79.8
Hyperglycemia (glucose 6.1 mmol/l) 31.5 33.7
Hyperglycemia (glucose 5.6 mmol/l) 51.7 53.3
Hypertriglyceridemia 25.2 18.2
Low HDL cholesterol 18.1 13.5
Central obesity NCEP* 7.4 10.7
Central obesity IDF† 51.2 53.8
umber of components of MetS by NCEP
One or more 83.3 87.0
Two or more 45.5 47.1
Three or more (MetS, glucose 6.1 mmol/l) 18.4 16.2
Four or more 3.7 4.6
Five 0.8 0.9
MetS by NCEP (glucose 5.6 mmol/l) 24.1 21.7
umbers of components of MetS by IDF
One or more 89.1 92.2
Two or more 67.3 69.9
Three or more 40.2 40.8
Four or more 16.0 13.3
Five 3.0 2.3
MetS by IDF 34.3 35.5
Waist circumference 102 cm for men and 88 cm for women; †waist circumfere
IDF  International Diabetes Federation; MetS  metabolic syndrome; NCEPDF criteria were 1.77 (95% CI 1.34 to 2.34) for men and a.71 (95% CI 1.37 to 2.13) for women. Interestingly, using
lower cutoff point for fasting glucose increased the ORs of
VD for MetS defined by NCEP criteria. Additional
djustment for use of antihypertensive and cholesterol-
owering medications only slightly attenuated these ORs.
lso, adjustment for total or LDL cholesterol did not
ppreciably alter the results.
Using the IDF criteria, we identified 436 subjects (18.7%)
ith MetS who did not meet the NCEP criteria. Compared
ith those without MetS, these participants had signifi-
antly higher odds of CHD, stroke, and CVD (Table 3).
nterestingly, 67 subjects (3%) who met the NCEP criteria
ut not the IDF criteria did not have a significantly elevated
dds of CVD compared with those without MetS.
When diabetic patients (n  362, 15.5%) were excluded
rom the analyses, the ORs of CVD associated with MetS
efined by IDF were somewhat attenuated, but they re-
ained significant. The adjusted ORs of CHD, stroke,
AD, and total CVD according to MetS defined by the
DF criteria were 1.57 (95% CI 1.28 to 1.91), 1.53 (95% CI
.18 to 1.99), 1.36 (95% CI 1.07 to 1.73), and 1.55 (95% CI
.28 to 1.87), respectively.
ISCUSSION
his investigation of MetS focused on Chinese elderly
eople 60 years or older—a group at higher risk of devel-
ping CVD and one that makes it easy to observe and
ents and the Number of Components of MetS Based on the
Women (%)
Men and
Women (%)
(n  2,334)
Total
(n  943)
60–69 yrs
(n  914)
>70 yrs
(n  477)
Total
(n  1,391)
73.6 71.2 77.4 73.3 73.4
32.3 30.7 31.4 30.9 31.5
52.3 51.7 54.1 52.5 52.4
22.6 34.1 34.2 34.1 29.4
16.4 37.2 34.6 36.3 28.3
8.6 41.9 47.2 43.7 29.6
52.1 77.4 77.6 77.5 67.3
84.7 90.1 91.6 90.6 88.2
46.1 64.7 70.6 66.7 58.4
17.6 37.6 42.3 39.2 30.5
4.0 18.0 16.4 17.4 12.0
0.9 4.8 3.8 4.5 3.0
23.2 44.1 49.9 46.1 36.8
90.2 94.6 96.2 95.2 93.2
68.3 81.9 85.3 83.1 77.1
40.4 56.5 58.3 57.1 50.4
15.0 29.4 29.6 29.4 23.6
2.8 9.4 8.4 9.1 6.5
34.8 53.8 54.7 54.1 46.3
90 cm for men and 80 cm for women.
III  U.S. National Cholesterol Education Program Adult Treatment Panel III.pon
%)
rs
47)
nce nalyze the relation between MetS and the risk of CVD.
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Metabolic Syndrome and CVD in Chinese April 18, 2006:1588–94his is a random cluster-selected sample with a relatively
igh response rate. Approximately 13% of eligible subjects
ropped out of the study (e.g., left original residence, or had
ncomplete interviews or examinations), but no statistically
ignificant differences were detected between subjects with
omplete and those with incomplete data. Consequently,
he prevalence of MetS and its association with CVD can be
eneralized with confidence to similar populations in urban
eijing, China.
Although the WHO and the NCEP have proposed
efinitions of MetS, a universally accepted definition does
ot exist. The WHO criteria are more complex than the
CEP criteria and include measurement of microalbumin-
ria and plasma insulin levels. Lack of standardization and
vailability of assays for insulin and microalbuminuria in
sian populations makes the NCEP ATP III guidelines
igure 1. Disease-specific prevalence of the 2,334 Chinese elderly patients
ith none, one, or more components (cp) of metabolic syndrome (MetS)
y U.S. National Cholesterol Education Program Adult Treatment Panel
II (NCEP) (top) and by International Diabetes Federation (IDF) (bot-
om) criteria. CHD  coronary heart disease; CVD  one or more of the
hree outcomes (CHD, stroke, or PAD); PAD  peripheral arterial
isease.referable; they can easily be applied in the primary care eetting, and results can be readily compared with those from
estern studies.
However, the recommended cutoff points for waist cir-
umference in the NCEP definition may be inappropriate
or Asian populations because Asian people tend to have a
igher percentage of body fat, particularly abdominal vis-
eral fat, than do white people with the same body mass
ndex, and thus the use of the NCEP criteria in Chinese and
ther Asian populations could underestimate the prevalence
f MetS and fail to identify many individuals at risk for
uture CVD (14). The IDF definition requires central
besity as a requisite for diagnosis of the MetS and proposes
thnicity-specific cutoff points for waist circumferences (9).
lthough those cutoff points are still a matter of debate, the
utoff points for Chinese people according to the IDF
riteria are lower than those according to the NCEP criteria
90 cm vs. 102 cm in men, 80 cm vs. 88 cm in women). This
xplains why the prevalence of MetS increased substantially
hen the IDF definition rather than the NECP definition
as used (46.3% vs. 30.5%). The prevalence of MetS in our
opulation defined by the IDF criteria was similar to that in
he U.S. population in the same group defined by the
CEP criteria (18).
In our study, the prevalence of MetS was much higher in
omen than in men—results that are consistent with those
rom mainland China, Taiwan, and Hong Kong (10–13).
he gender difference is primarily attributable to a higher
revalence of abdominal obesity and low HDL cholesterol
n women than in men. However, the association between
he MetS and prevalence of CVD was similar between men
nd women.
Subjects with MetS according to either the IDF or the
CEP criteria had a significantly higher odds of CHD,
troke, and PAD. The ORs for these cardiovascular end
oints associated with MetS seem to be somewhat higher
hen the IDF definition was used than when the NCEP
efinition was used. Also, almost 20% of subjects met the
DF criteria but not the NCEP criteria, and they had a
ignificantly increased odds of CHD and stroke. These data
uggest that the new IDF criteria are more suitables than
he NCEP criteria for screening higher-risk individuals and
or estimating the risk of CVD from MetS in the Chinese
opulation.
To the best of our knowledge, this report is the first to
xamine the relation between the prevalence of MetS and
he odds of CHD, stroke, PAD, and CVD in a population-
ased study in China. The clinical importance of MetS is
elated to its putative impact on cardiovascular morbidity
nd mortality; in the present study, the risks of CHD,
troke, PAD, and total CVD were 50% to 70% higher in
ubjects with MetS than in those without MetS. This
ssociation remained significant even after excluding dia-
etic patients. Although the prevalence and ORs of the
ndividual components of MetS varied widely, hypertension
nd central obesity seem to be more widespread in the
lderly Chinese population. This pattern of the individual
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April 18, 2006:1588–94 Metabolic Syndrome and CVD in Chineseomponents of MetS in elderly people is consistent with
ther Chinese data (12,19,20). Among the individual com-
onents of MetS, hypertension and central obesity seem to
ave the strongest associations with prevalence of CVD.
hese findings underscore that it is important to prevent
nd treat both overall MetS and individual components.
Admittedly, the cross-sectional nature of this study limits
ur causal inference. However, the temporal relationships
etween individual components of the MetS and CVD have
een well established. In addition, our estimates on the
elationship between the MetS and cardiovascular outcomes
ay be underestimated because our participants were elderly
urvivors. Another potential concern is that HDL choles-
erol, triglyceride, and blood glucose levels were measured
nly once, which might have led to random errors.
onclusions. Our study indicates that MetS is highly
revalent in the elderly Chinese people living in urban
eijing, especially among women. New IDF criteria of
etS seem to be more pertinent than those from NCEP for
creening and estimating risk in Chinese populations. Our
vidence shows that in developing countries, individuals
ith MetS are at increased risk for CHD, stroke, and PAD.
n the elderly Chinese population, hypertension and central
besity are more prevalent than the other components of
etS. Developing effective public health strategies for the
revention, detection, and treatment of MetS should be an
rgent priority to reduce the social and medical burden of
VD in China.
eprint requests and correspondence: Dr. Yao He, Institute of
eriatrics, Chinese PLA General Hospital, 28 Fuxing Road,
able 3. Odds Ratios and 95% Confidence Interval (CI) of Card
heir Individual Components
CHD (n  784)
OR* (95% CI)
ndividual components of MetS
High blood pressure 1.76 (1.42–2.18)
Hyperglycemia (glucose 6.1 mmol/l) 1.30 (1.08–1.57)
Hyperglycemia (glucose 5.6 mmol/l) 1.22 (1.03–1.46)
Hypertriglyceridemia 1.32 (1.09–1.60)
Low HDL cholesterol 1.05 (0.86–1.28)
Central obesity NCEP† 1.52 (1.24–1.87)
Central obesity IDF‡ 1.83 (1.49–2.25)
etS by different criteria
NCEP (glucose 6.1 mmol/l) 1.43 (1.18–1.74)
NCEP (glucose 5.6 mmol/l) 1.58 (1.31–1.90)
IDF 1.69 (1.40–2.02)
ubgroups of MetS
Non-MetS (n  1,185) 1.00 (ref)
MetS only by IDF (n  436) 1.66 (1.31–2.10)
MetS only by NCEP (n  67) 1.16 (0.69–1.99)
MetS by IDF and NCEP (n  646) 1.73 (1.40–2.14)
Adjusted for gender, age (yrs), marital status, education (years: 6, 7–12, 13) exer
igarette smoking (never, current, former), and family histories of CHD or stroke; †w
m for men and 80 cm for women.
CHD  coronary heart disease; PAD  peripheral arterial disease; other abbreveijing 100853, China. E-mail: yhe301@x263.net.EFERENCES
1. Wu Z, Yao C, Zhao D, et al. Sino-MONICA project: a collaborative
study on trends and determinants in cardiovascular diseases in China, part
I: morbidity and mortality monitoring. Circulation 2001;103:462–8.
2. Yao C, Wu Z, Wu Y. The changing pattern of cardiovascular diseases
in China. World Health Stat Q 1993;46:113–8.
3. Haffner SM, Valdez RA, Hazuda HP, Mitchell BD, Morales PA,
Stern MP. Prospective analysis of the insulin-resistance syndrome
(Syndrome X). Diabetes 1992;41:715–22.
4. Isomaa B, Almgren P, Tuomi T, et al. Cardiovascular morbidity and
mortality associated with the metabolic syndrome. Diabetes Care
2001;24:683–9.
5. Trevisan M, Liu J, Bahsas FB, Menotti A. Syndrome X and mortality:
a population-based study. Risk Factor and Life Expectancy Research
Group. Am J Epidemiol 1998;148:958–66.
6. Lakka HM, Laaksonen DE, Lakka TA, et al. The metabolic syn-
drome and total and cardiovascular disease mortality in middle-aged
men. JAMA 2002;288:2709–16.
7. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of
diabetes mellitus and its complications. Part 1: diagnosis and classifi-
cation of diabetes mellitus provisional report of a WHO consultation.
Diabetes Med 1998;15:539–53.
8. Executive summary of the third Report of the National Cholesterol
Education Program (NCEP) Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol in Adults (Adult Treat-
ment Panel III). JAMA 2001;285:2486–97.
9. IDF. The IDF Consensus Worldwide Definition of the Metabolic
Syndrome. Available at: http://www.idf.org/home/index.cfm?
unode1120071E-AACE-41D2-9FA0-BAB6E25BA072. Accessed
April 14, 2005.
0. Chuang SCC, Tsai S, Chou P. Clinical identification of the metabolic
syndrome in Kinmen. Acta Cardiol Sin 2002;18:16–23.
1. Further Study of Risk Factors for Stroke and Coronary Heart Disease
Cooperation Group. The prevalence of metabolic syndrome in a 11
provinces cohort in China. Zhonghua Yu Fang Yi Xue Za Zhi
2002;36:298–300.
2. Gu D, Reynolds K, Wu X, et al. Prevalence of the metabolic
syndrome and overweight among adults in China. Lancet 2005;
365:1398 – 405.
3. Thomas GN, Ho SY, Janus ED, Lam KS, Hedley AJ, Lam TH. The
cular Diseases for MetS by the NCEP and IDF Criteria and
troke (n  378) PAD (n  461)
CHD or Stroke
or PAD (n  1,219)
OR* (95% CI) OR* (95% CI) OR* (95% CI)
.96 (1.45–2.64) 1.47 (1.14–1.90) 1.89 (1.55–2.29)
.35 (1.07–1.71) 1.34 (1.08–1.67) 1.41 (1.18–1.69)
.23 (0.98–1.54) 1.42 (1.15–1.76) 1.33 (1.12–1.57)
.07 (0.83–1.37) 1.07 (0.86–1.35) 1.11 (0.93–1.35)
.62 (1.27–2.07) 1.36 (1.08–1.70) 1.34 (1.11–1.62)
.24 (0.95–1.62) 1.08 (0.85–1.37) 1.46 (1.20–1.78)
.29 (1.00–1.67) 1.47 (1.15–1.88) 1.81 (1.50–2.19)
.45 (1.14–1.85) 1.47 (1.18–1.84) 1.50 (1.25–1.81)
.53 (1.21–1.94) 1.37 (1.10–1.70) 1.57 (1.31–1.88)
.58 (1.26–2.00) 1.42 (1.14–1.76) 1.73 (1.46–2.07)
.00 (ref) 1.00 (ref) 1.00 (ref)
.53 (1.13–2.06) 1.23 (0.92–1.64) 1.64 (1.30–2.05)
.42 (0.74–2.74) 1.29 (0.69–2.47) 1.08 (0.65–1.80)
.68 (1.28–2.21) 1.60 (1.25–2.04) 1.82 (1.48–2.24)
/day: 1, 1–3, 4), alcohol consumption (current drinkers vs. noncurrent drinkers),
ircumference 102 cm for men and 88 cm for women; ‡waist circumference 90
as in Table 2.iovas
S
1
1
1
1
1
1
1
1
1
1
1
1
1
1
cise (h
aist cU.S. National Cholesterol Education Programme Adult Treatment
11
1
1
1
1
2
1594 He et al. JACC Vol. 47, No. 8, 2006
Metabolic Syndrome and CVD in Chinese April 18, 2006:1588–94Panel III (NCEP ATP III) prevalence of the metabolic syndrome in
a Chinese population. Diabetes Res Clin Pract 2005;67:251–7.
4. Tan CE, Ma S, Wai D, Chew SK, Tai ES. Can we apply the National
Cholesterol Education Program Adult Treatment Panel definition of
the metabolic syndrome to Asians? Diabetes Care 2004;27:1182–6.
5. Grundy SM, Cleeman JI, Daniels SR, et al. Diagnosis and manage-
ment of the metabolic syndrome: an American Heart Association/
National Heart, Lung, and Blood Institute Scientific Statement.
Circulation 2005;112:2735–52.
6. WHO/MONICA-Project. Multinational Monitoring of Trends and
Determinants in Cardiovascular Diseases (MONICA Project) and
Manual of Operation. Geneva, Switzerland: World Health Organiza-
tion, Cardiovascular Disease Unit, 1983.7. Newman AB, Siscovick DS, Manolio TA, et al. Ankle-arm index as a
marker of atherosclerosis in the Cardiovascular Health Study. Cardio-
vascular Heart Study (CHS) Collaborative Research Group. Circula-
tion 1993;88:837–45.
8. Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic
syndrome among U.S. adults: findings from the third National Health
and Nutrition Examination Survey. JAMA 2002;287:356–9.
9. Gu D, Reynolds K, Wu X, et al. Prevalence, awareness, treatment, and
control of hypertension in china. Hypertension 2002;40:920–7.
0. Zhou BF. Effect of body mass index on all-cause mortality and
incidence of cardiovascular diseases—report for meta-analysis of pro-
spective studies open optimal cut-off points of body mass index in
Chinese adults. Biomed Environ Sci 2002;15:245–52.
